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PURIFICATION METHOD BY NANOFILTRATION OF A SUGAR AQUEOUS 
SOLUTION CONTAINING MONOVALENT AND MULTIVALENT ANIONS AND 

CATIONS 

5 

The present invention relates to a purification method 
by nanof iltration of an aqueous solution containing one or 
several sugars, multivalent cations, monovalent metal 
cations, monovalent anions and multivalent inorganic anions 
10 and/or organic acid anions. 

The purification by demineralization of liquid prod- 
ucts (such as a glucose syrup, sugar juices or whey) by 
means of ion-exchange resins has been known for many years. 
The principle of such a demineralization is to make 
15 such a liquid product percolate through a cationic resin 
and an anionic resin, the counter-ion of the former being 
the H + ion and the counter-ion of the latter, the OH" ion. 

While passing through the cationic resin, the cations 
of the liquid product are exchanged with the H + ions of the 
20 resin, and while passing through the anionic resin, the 
anions of the product are exchanged with the OH" ions of 
this resin, the H + and OH" ions thus released from said 
resins combining together to give water. 

The regeneration of the resins thus used is performed 
25 by passing an acid through the cationic resin and a base 
through the anionic resin, and according to the regenera- 
tion outputs, the regeneration effluents can contain up to 
2 to 3 times the inorganic load extracted from the treated 
liquid product. 

30 Such highly saline effluents constitute indisputably a 

source of pollution. 

In short, the demineralization of liquids containing 
inorganics by means of ion-exchange resins calls for the 
use of an acid and of a base for their regeneration. Be- 

35 sides the cost of these chemicals, this demineralization 
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procedure produces pollutant saline effluents, the process- 
ing of which is expensive. 

Moreover, the nanof iltration technique is generally 
used as pre-concentration means of aqueous solutions con- 
5 taining inorganics- The monovalent ions of these inorganics 
migrate through the nanof iltration membrane and therefore 
most of them are found in the permeate, whereas their mul- 
tivalent ions are retained by this membrane and most of 
them are found concentrated in the retentate; a purifica- 
10 tion effect by demineralization is thus obtained, which re- 
mains however insufficient. 

The aim of the present invention is the development of 
a purification method, economical in energy and in chemi- 
cals and limiting the quantity and the number of produced 
15 effluents. 

The basic idea of this method lies in the modification 
of the ionic composition, without demineralization, of the 
aqueous solution to be treated in order to improve the dem- 
ineralization effect of a nanof iltration carried out on the 
2 0 thus modified aqueous solution . 

Thus, the present invention relates to a purification 
method of an aqueous solution containing one or several 
sugars, multivalent cations, monovalent metal cations, 
monovalent anions and multivalent inorganic anions and/or 
25 organic acid anions, such as lactate and citrate, charac- 
terized in that it comprises the operations: 

(a) of replacement of at least a part of said multi- 
valent cations and/or of said multivalent inor- 
ganic anions and organic acid anions respectively 
30 by monovalent metal cations and/or monovalent 

anions, in order to obtain an aqueous solution 
depleted in multivalent cations and/or multiva- 
lent inorganic anions and organic acid anions, 
and containing said monovalent metal cations 
35 and/or said monovalent anions, 
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(b) of nanof iltration of the solution resulting from 
operation (a) in order to obtain as a retentate, 
a sugar aqueous juice enriched in sugars, in mul- 
tivalent cations and in multivalent inorganic 

5 anions and/or in organic acid anions, and as a 

permeate, an aqueous effluent containing most of 
the monovalent anions and monovalent metal 
cations , 

(c) of additional demineralization of at least a part 
10 of the retentate obtained by operation (b) , with 

a cation-exchange resin of which the counter-ion 
is H + and an anion-exchange resin of which the 
counter-ion is OH", these resins thus charging 
themselves respectively in residual cations and 
15 anions of the retentate, and 

(d) of regeneration, on one hand, of said cation- 
exchange resin by means of a inorganic acid of 
which the anion is of the same type as the mono- 
valent anions present in the initial aqueous so- 

20 lution, and on the other hand, of said anion- 

exchange resin by means of a inorganic base of 
which the cation is of the same type as the mono- 
valent metal cations present in the initial aque- 
ous solution, which produces regenerated exchange 
25 resins and two regeneration effluents preponder- 

antly containing monovalent anions and monovalent 
metal cations. 
Operation (a) above provides an aqueous solution en- 
riched in monovalent anions and/or monovalent metal cations 
30 and greatly depleted in multivalent cations and in multiva- 
lent inorganic anions and/or organic acid anions. 

During operation (b) , the sugars of the aqueous solu- 
tion resulting from operation (a) are found in the reten- 
tate in which are also principally found the remaining mul- 
35 tivalent cations and the remaining multivalent inorganic 
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anions and/or organic acid anions. As for the monovalent 
ions, most of them are found in the permeate. 

It is to be noted that thanks to prior operation (a) , 
which does not constitute in itself a demineralization pro- 
5 cedure, the proportion of the monovalent ions relatively to 
the multivalent ions and organic acid anions is increased 
in the aqueous solution, which causes an increase of the 
demineralization ratio of said aqueous solution during op- 
eration (b) . 

10 When one tries to preferably eliminate the multivalent 

cations present in the aqueous solution to be purified, in 
operation (a) the replacement of the multivalent cations is 
advantageously performed simultaneously to the replacement 
of the multivalent inorganic anions and/or organic acid 

15 anions, or still more advantageously performed on the aque- 
ous solution having beforehand undergone the replacement of 
the multivalent inorganic anions and/or organic acid ani- 
ons . 

Moreover, when one tries to preferably eliminate the 
20 multivalent inorganic anions and/or organic acid anions 
present in the aqueous solution to be purified, in opera- 
tion (a) the replacement of the multivalent inorganic ani- 
ons and/or organic acid anions is advantageously performed 
simultaneously to the replacement of the multivalent 
25 cations or still more advantageously performed on the aque- 
ous solution having beforehand undergone the replacement of 
the multivalent cations. 

According to a preferred embodiment of the invention, 
replacement procedure (a) comprises the processing of the 
30 aqueous solution with a cationic resin of which the 
counter-ion is a monovalent metal cation and/or with an 
anionic resin of which the counter-ion is a monovalent an- 
ion . 

Moreover, the monovalent metal cation forming the 
35 counter-ion of the cationic resin and the monovalent anion 
forming the counter-ion of the anionic resin are preferably 
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of the same type as, respectively, said monovalent metal 
cations and said monovalent anions present in the initial 
aqueous solution; this prevents the introduction of foreign 
ions in the process and makes more advantageous, as it will 
5 be seen below, the regeneration operations of the aforemen- 
tioned cationic and anionic resins. 

According to an important characteristic of the pre- 
sent invention, this method preferably also comprises an 
operation : 

10 (e) of regeneration of the cationic and/or anionic 

resin (s), particularly by processing of the same 
by a permeate obtained during nanof iltrat ion op- 
eration (b) above, this permeate being concen- 
trated beforehand to the desired degree. 
15 In proceeding that way, use is made, for the regenera- 

tion, of the monovalent ions initially present in the aque- 
ous solution to be purified; this prevents the use of 
costly chemicals foreign to the method and limits the pro- 
duction of polluting effluents. 
20 According to various alternatives, the method accord- 

ing to the invention can further comprise one or several of 
the following operations: 

(f) chromatography of a part of the retentate result- 
ing from operation (b) , in order to obtain an ef- 

25 fluent enriched in sugar and a raffinate enriched 

in monovalent anions and monovalent metal 
cations ; 

(g) processing of the permeate resulting from opera- 
tion (b) , by reverse osmosis or electrodialysis 

30 in order to produce water and an aqueous fraction 

enriched in monovalent anions and monovalent 
metal cations. 
It will be noted that according to another character- 
istic of the method of the present invention, the cationic 
35 resin and/or the anionic resin can be regenerated by proc- 
essing the same with at least one of the following liquids, 
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possibly concentrated, combined to at least a part of the 
permeate obtained during operation (b) : effluents obtained 
during operation (d) , raf f inate obtained during operation 
(f), aqueous fraction obtained during operation (g) . 
5 The method according to the invention can be used in 

particular for the purification of a whey, of a permeate 
resulting from the ultrafiltration of a whey or of a sugar 
beetroot juice, of sugarcane juice, of chicory juice or of 
Jerusalem Artichokes juice, this whey, permeate or juice 

10 comprising Ca 2+ and Mg 2+ ions, CI" anions, Na + and K + cations 
and anions selected mainly in the group consisting in phos- 
phate and sulfate anions, anions from organic acids and 
their mixtures. 

The present invention is illustrated hereafter, in a 

15 non limitative manner, by the description of a purification 
example, done with reference to the unique figure which is 
the schematic representation of an installation for the 
carry out of the method according to the invention. 

The aqueous solution subject to this method is in the 

20 selected example a permeate obtained by ultrafiltration of 
a whey. Such a permeate comprises mainly lactose, organic 
acids and inorganics (particularly Na + , K + , Ca 2+ , Mg 2+ 
cations, Cl~ and phosphate anions and organic acid anions, 
such as citrate and lactate) . 

25 This permeate is carried by a duct 1 to the entrance 

of a column 2 filled with a strong anionic resin (AF) , then 
from the exit of this column 2 by a duct 3 to the entrance 
of a column 4 filled with a strong cationic resin (CF) . 

The strong cationic resin is in the Na + or K + form, 

30 i.e. its counter-ion is the Na + or K + ion; the strong ani- 
onic resin is in the CI" form, i.e. its counter-ion is the 
CI" ion. 

It will be noted that, as an alternative, both these 
resins could be used in a mixture, in which case a single 
35 column would be sufficient. 
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During the passage of the permeate through the anionic 
resin, it exchanges its multivalent inorganic anions (phos- 
phate) and organic acid anions (lactate, citrate) with the 
CI" ions of the resin; during its passage through the cati- 
5 onic resin, it exchanges its multivalent cations (Ca 2+ , 
Mg 2 + ) with the Na + or K + ions of the resin. 

The permeate is therefore relieved from a substantial 
part of its multivalent inorganic cations and anions and of 
its organic acid anions , which cations and anions have been 
10 replaced by monovalent cations and anions; this permeate 
therefore mainly contains lactose, Na + , K + and CI" ions, re- 
sidual Ca 2+ , Mg 2+ cations, residual phosphate anions and re- 
sidual organic acid anions. 

The aqueous solution coming from column 4 is then car- 
15 ried by a duct 5 in a nanof iltration device 6 comprising 
one or several nanof iltration membranes permeable to the 
monovalent ions, but retaining the lactose, the multivalent 
ions and the organic acid ions. 

Thus, are coming from device 6: 
20 - on one hand, by duct 7, a permeate enriched in Cl~, 

Na + and K + ions, and 

- on the other hand, by duct 8, a retentate enriched 
in lactose and in residual phosphate anions, residual ani- 
ons from organic acids and residual Ca 2+ and Mg 2+ cations; 
25 this retentate further contains a small quantity of Na + , K + 
and CI" ions. 

Moreover, duct 8 is connected to a demineralization 
unit of the nanof iltration retentate, unit in which a part 
of this retentate is treated . 

30 This unit comprises a column 9 filled with a cation- 

exchange resin, of which the counter-ion is H + , followed in 
series by a column 10 filled with an anion-exchange resin, 
of which the counter-ion is OH". 

On the cation-exchange resin, a substantial part of 

35 the monovalent cations (Na + , K + ) and of the residual multi- 
valent Ca 2+ and Mg 2+ cations is retained; on the anion- 
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exchange resin, a substantial portion of the CI" anions, of 
the phosphate anions and of the residual organic acid ani- 
ons (lactate, citrate) is retained. 

At the exit of column 10, we therefore have a sugar 
5 aqueous solution practically totally demineralized . 

A part of the nanof iltration retentate can be subject 
to a chromatography. For this purpose, a branching 14 is 
provided on duct 8, this branching leading to the entrance 
of a chromatography column 15. Is extracted from the lat- 

10 ter, on one hand, an effluent enriched in lactose and on 
the other hand a raffinate enriched in inorganics (mainly 
Na + , K + and CI") . 

It will be noted that the cation-exchange resin fill- 
ing column 9 can be regenerated by hydrochloric acid car- 

15 ried by a duct 16 to the top of column 9. The H + ions of 
this acid replace the monovalent Na + or K + cations and mul- 
tivalent Ca 2+ , Mg 2+ cations which have been retained on this 
resin during the passage of the nanof iltration retentate 
through it. It results in a first regeneration effluent ex- 

20 tracted by a duct 17 and containing H + (HC1 in excess) , 
Na + , K + , Ca 2+ , Mg 2+ and CI" ions. 

Likewise, the anion-exchange resin filling column 10 
can be regenerated by a soda aqueous solution carried by a 
duct 18. The OH" ions of the soda replace the CI", phos- 

25 phate, lactate and citrate anions, which have been retained 
on this resin during the passage through it of the nanofil- 
tration retentate coming from column 9. It results in a 
second regeneration effluent extracted from column 10 by a 
duct 19 and containing CI", phosphate, lactate and citrate, 

30 Na + and OH" (soda in excess) ions. 

The first and second regeneration effluents are then 
brought together by a duct 20 and received in a container 
21. 

It will be noted that the nanof iltration permeate re- 
35 moved from duct 7 can be treated in a reverse osmosis unit 
22 in order to obtain, on one hand, water extracted by duct 
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23, and on the other hand, an aqueous fraction (removed by 
duct 24) concentrated in Na + , K + and CI" ions. 

As it is evident from the foregoing, we have a whole 
range of liquids produced during the method and advanta- 
5 geously usable, if necessary after concentration, for the 
regeneration of the strong cationic resin and of the strong 
anionic resin filling columns 2 and 4. 

That is: 

- a fraction of the nanof iltration permeate removed by 
10 duct 7, 

- the saline aqueous fraction removed from the reverse 
osmosis unit by duct 24, 

- a fraction of the nanof iltration retentate, 

- raffinate from chromatography unit 15, 

15 - regeneration effluents received in container 21. 

It will be specified that according to the monovalent 
Na + , K + and CI" cations and anions content of these differ- 
ent liquids usable for the regeneration of the resins of 
columns 2 and 4, this regeneration will be able to be per- 

20 formed either in series or in parallel. 

It will be noted however that the regeneration in par- 
allel is especially preferred because it prevents all risk 
of precipitation of insoluble salts, such as calcium phos- 
phate, on the strong cationic resin present in column 4. 

25 However, the regeneration in series of both resins is 

possible on the condition that the pH is controlled in or- 
der to prevent any risk of precipitation on the resins. 

A liquid perfectly suitable for a regeneration in par- 
allel is formed by the effluents received in container 21 

30 which are highly charged in Na + , K + and CI" ions issued, for 
a non negligible part, from the hydrochloric acid and soda 
used for the regeneration of the resins filling columns 9 
and 10. 

Moreover, the table hereafter shows the influence of 
35 the type of decalcification prior to the nanof iltration, on 
the performance of this nanof iltration, the liquid treated 
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being a permeate resulting from the ultrafiltration of a 
whey (designated whey permeate in this table) , the nanofil- 
tration concentration factor being of 4 and the nanofiltra- 
tion membrane being of the type DESAL 5, from American com- 
5 pany OSMONICS. 



Table 





Whey 
permeate 


Nanof iltration retentate 


Control 


CF 


AF then 
CF 


dry matter (g/1) 


50. 0 


187 


187 


187 


total cations 
(eq./kg of dry 
matter) 


1.7 


1.22 


1.14 


0. 90 


total reduction 
ratio of the 
cations (%) 




28 


33 


47 



Control: total absence of decalcification before the 

nanof iltration 

CF : decalcification by passage through a strong 

cationic resin (SRI LNA from American com- 
pany Rohm and Haas) . 
AF then CF : decalcification by passage through in series 

on a strong anionic resin (IRA 458 from 
American company Rohm and Haas) then through 
a strong cationic resin. 
The data contained in this table shows that the total 
reduction ratio of the cations is increased when only the 
CF system is used, and particularly increased when the AF- 
CF system is used; this table therefore shows the strong 
influence on the performances of the nanof iltration of a 
prior reduction of the content in multivalent cations, in 
multivalent inorganic anions and in organic acid anions 
able to form complexes with said multivalent cations. 
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